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PROJECT TITLE: Design of Affordable Water Purification devices using Green and
Ecofriendly Silver Nanoparticles

PROJECT CODE: MH-306
ABSTRACT:

There is a pressing need for small-scale, simple and affordable point-of-use purification
systems that can purify water of bacteria and other harmful microorganisms. As part of
the project we have designed the following water purification prototypes using green
silver nanoparticles (AgNP) that can provide clean water, meet the international safety
standard and help in combating drinking water crisis in emergency situation.

1. Silver Earthen pot
2. Silver Sachet
3. Silver Dialysis tube

The silver nanoparticles used in the above prototypes have been synthesized in good
yield and relative good stability through green method using plant extracts. The aim is to
inactivate bacteria when sachet or dialysis tube is dipped in water or when water is kept
in the earthen pot. The AgNP containing purification devices were tested for
antimicrobial activity and silver leaching. They exhibited antimicrobial properties
towards E. coli and S. aureus. The silver loss from the purification devices was minimal.
These devices can be used as an effective emergency water treatment to provide safe
drinking water to millions of people especially in natural disasters and other emergencies.

These prototypes have other merits over and above the above mentioned ones such as
easy availability of starting materials, inexpensive process, simple reaction conditions,
avoidance of use of hazardous and toxic reagents and pollution free environment. Water
purification devices made using green AgNP can provide clean water within 1 hr without
using electricity or heating or any harmful rays. Silver nanoparticles were chosen for
water purification because of their good antibacterial activity.

INTRODUCTION:

According to the World Health Organization, over one billion people do not have access
to clean drinking water. In countries such as India, 80% of the diseases such as cholera or
gastroenteritis are due to bacterial contamination of drinking water. Removal of
microorganisms from drinking water to obtain potable water is a critical requirement in
various societies across the world, and particularly in India. Today a number of
techniques are used for treatment of water such as chlorine and it’s derivatives,
Ultraviolet light, Low frequency ultrasonic irradiation, Distillation, Reverse Osmosis,
Water sediment filters (fiber and ceramic), Ozonisation etc. Halogens such as chlorine
(CI) and bromine (Br) are well known as antibacterial agents, but the direct use of



halogens as bactericides has many problems because of their high toxicity and vapor
pressure in pure form.

There is a pressing need for small-scale filter systems that can purify water of bacteria
and other harmful microorganisms. A simple and inexpensive filtering system could
provide safe drinking water for millions of people who are in short supply of clean water,
especially in rural areas, natural disasters and other emergencies. These filtering devices
must be cheap, safe, portable and easy to use.

OBJECTIVES:

The overall research objective is to study the synthesis, characterization of AgNP and its
antimicrobial property and build a water purification device thereby obtaining pathogen-
free water over a sustained period of time, without any loss of activity of AgNP.

Project had the following four developmental components

e Green Synthesis of AgNP using spice (cinnamon, fennel, clove, cumin and black
pepper) extracts

e Characterization of synthesized AgNP (UV-Vis spectra, TEM, Zeta Potential etc)

e Antimicrobial analysis of synthesized AgNP.

e Develop purification devices using green AgNP that can provides 10 liters of
clean water in about an hour time and also meets the international safety
standards

e Study the antimicrobial activity of water before and after purification using the

designed purification devices.

METHODOLOGY:

e Green Synthesis of AgNP in bulk using water as a solvent

e Characterization of green AgNP.

e Antibacterial analysis of green AgNP.

e Developed small-scale, simple and affordable point-of-use purification devices
using green AgNP.

e Studied the antimicrobial activity of water before and after purification using the

designed purification devices.



RESULT AND DISCUSSION:
Synthesis of Silver Nanoparticles (AgNP) and their characterization

AgNP were prepared by reducing silver nitrate with spice extracts of clove, cinnamon,
cumin, black pepper and fennel seeds using Green Method. The biomolecules contained
in these plant materials not only played a role in reducing the silver particles to the
nanosize, but also played an important role in the capping of nanoparticles. It was
observed that the Green Synthesis yielded AgNP in good amount with relative good
stability. The synthesised AgNP were characterized by colour change, UV-Vis
spectrophotometry, Tyndall effect, Transmission Electron Microscopy and zeta
potentiometry. The spectra exhibit a Surface Plasmon Resonance (SPR) absorption band
in the range of 416-431 nm confirming the size to be around 30 nm. The position of band
did not change after one week, depicting the stability of prepared NP, although
absorbance showed a red shift with decrease in the absorbance value. Further, the
antibacterial activity analysis showed that the bacterial samples (S. aureus and E. coli)
treated with the synthesized silver nanoparticles showed minimum inhibitory
concentration in the range of 25-30 uM.

Fig 1: () AgNOs solution and AgNP prepared (b) using clove (b) using cinnamon
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Fig 2: UV-Vis Spectrum: Plasmon Resonance of AgNP synthesized using clove and
cinnamon



Fig 3: TEM images of AgNP prepared

Fig 4: Antimicrobial activity of AgNPs against (a) S. Aureus (b) E. Coli
Point-of- Use Purification devices

AgNP made by using cinnamon as reducing and stabilizing agent were then used for
making purification devices. Two of the purification devices developed are in the form of
sachet and dialysis tube containing green and eco-friendly AgNP embedded in starch
based bioplastic and the other is in the form of a earthen pot soaked with the same AgNP.
The aim is to inactivate bacteria when sachet or dialysis tube is dipped in water or when
water is kept in the earthen pot. We then investigated the antimicrobial activity of AQNP
on water with and without AgNP-sachet or dialysis tube and on water kept in earthen pot
soaked with and without AgNP. They exhibited antimicrobial properties towards E.
coli and S. aureus. These devices can be used as an effective emergency water treatment
to provide safe drinking water to millions of people especially in natural disasters and
other emergencies.



1. Silver earthen pot for water purification
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Fig 5: Silver Earthen Pot for Water Purification

Adopted two methodologies for testing the Viability of microbial cells after their
treatment with Nanoparticles.

Aliquot plating: To check activity of nanoparticles on water kept for 10 minutes in
earthen pots soaked overnight with and without nanoparticles

A (CONTROL) B (Experimental)
Soaked Earthen pot A in Distilled water Soaked the Earthen pot B in Nanoparticles
overnight. (NP) solution prepared from cinnamon
overnight

Emptied the earthen pots into different falcons.

Kept tap water (20 mL) in earthen pot A & B for 10 minutes

Took LB (Luria Bertani) agar plate and spread an aliquot of 200uL from each earthen pot.

Kept the plates in incubator at 37°C overnight.

e In Aliquot plating, we observed that the control plate showed much more
bacterial growth as compared to the test plate.

e In Whole sample plating method, we have observed that the control plates
showed bacterial growth while the test plates did not show any growth.

Methodology/Experimental | Aliquot Plating Whole sample Plating

Measures adopted

Time of Action Tested 10 minutes 20 hours

Quantity Plated 150uL Pallet suspended in 100puL
MQ water( made out of
20mL water)

10




Control | Test Control Test
Showed Lesser Showed No bacterial
greater bacterial bacterial growth
bacterial | growth growth

growth

Test Plate
Water kept in earthen pot B
which is soaked in NP is plated

Control Plate
Water kept in earthen pot A is
plated

Fig 6: Aliquot Plating of Water kept in Earthen Pot
Whole Plating Method

1. We concluded that the second method (whole plating method) showed more
significant results where activity of nanoparticles was actually tested and certified
because there was no growth on the plates.

2. Hence, we can say that nanoparticles showed bacterial reduction when timing of
action was increased to 20 hrs.

3. Testing with greater concentrations (as in whole plating method [20mL] showed
more significant results as compared to aliquot method where we tested with a
concentration of 200 pL.

2. Silver Sachet for water purification
Silver sachet is prepared by dipping silica gel in AgNP solution for overnight
followed by drying. This AgNP embedded silica gel is then packed in a muslin cloth.

Fig 7: Silver Sachet

11




Control plate

Test plate

Procedure

Took water sample to be
tested.

Silver sachet dipped for 4
hours in water sample to be
tested.

Centrifuged 5mL of above water samples separately, and
dissolved the respective pellets in 200uL MQ water and
used them for plating by spread plate method.

Observation

Bacterial  growth  was
observed.

No bacterial growth was
observed.

Inference

Bacterial growth occurred
as there was no nanoparticle
treatment.

Antimicrobial activity of
nanoparticles is justified
since no bacterial growth.

Fig 8: Control plate
(bacterial growth)

Fig 9: Test plate
(no bacterial growth)

3. Silver Dialysis Tube for Water Purification

Fig 10: Silver Dialysis tube




Silver Dialysis tube was made by putting AgNP-starch based bioplastic gel in dialysis
membrane and tying both the end (Fig. 10). This was then used as water purification
device by dipping it in water for half an hour.

Control plate

Test plate

Procedure

Took water sample to be
tested.

Silver Dialysis Tube dipped
for half an hours in water
sample to be tested.

Centrifuged 5mL of above water samples separately, and
dissolved the respective pellets in 200uL MQ water and
used them for plating by spread plate method.

Observation

Bacterial
observed.

growth  was

No bacterial growth was
observed.

Inference

Bacterial growth occurred
as there was no nanoparticle
treatment.

More efficient antimicrobial
activity of nanoparticles is
justified since no bacterial
growth.

Fig 11: Test plate (no bacterial growth) & Control plate (bacterial growth)

e The AgNP-starch based bioplastic obtained show antimicrobial activity in both sachet

and dialysing tube.

o Dialyzing membrane has an additional advantage that the gel does not leach out into

water.

INNOVATIONS SHOWN BY THE PROJECT

1. Silver earthen pot for water purification
2. Silver Sachet for water purification
3. Silver Dialysis tube for water purification
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CONCLUSION AND FUTURE DIRECTION

The bioplastic pellet obtained show antimicrobial activity in both muslin cloth and
dialysing membrane.

Dialyzing membrane has an additional advantage that the gel does not leach out into
water.

REFERENCES

1.

10.

11.

Kim, J.S., Kuk, E., Yu, K.N., Kim, J.H., Park ,S.J., Lee, H.J., Kim, S.H., Park,
Y.K.Park, Y.H.,Hwang, C.Y.,Kim, Y.K,Lee, Y.S.,Jeong, D.H.&Cho, M.H. (2007).
Antimicrobial effects of silver nanoparticles. Nanomedicine. 3, 95-101.

Morones, J. R., Elechiguerra, J. L., Camacho, A., Holt, K., Kouri, J. B., Ramirez, J.
T.&Yacaman, M. J. (2005). The bactericidal effect of silver nanoparticles.
Nanotechnology. 16(10), 2346-2353.

Willner, 1., Baron, R.&Willner, B. (2006). Growing metal nanoparticles by enzymes.
J. Adv. Mater. 18, 1109-1120.

Konishi, Y.&Uruga, T. (2007). Bioreductive deposition of platinum nanoparticles on
the bacterium Shewanella algae. J. Biotechnol. 128, 648-653.

Bankar, A., Joshi, B., Kumar A. R. & Zinjarde, S. (2010). Banana peel extract
mediated novel route for the synthesis of silver nanoparticles. Colloids and Surfaces
A: Physicochemical and Engineering Aspects, 368(1-3), 58-63.

Bauer, A. W., Perry,D. M. &Kirby,W. M. M.(1959).Single disc antibiotic sensitivity
testing of Staphylococci.A.M.A. Arch. Intern. Med.104, 208-216.

Bauer, A. W., Kirby, W. M. M. , Sherris, J. C. & Turck, M.(1966). Antibiotic
susceptibility testing by a standardized single disk method. Am. J. Clin.Pathol.36,
493-496.

Usha Rani, P. & Rajasekharreddy, P. (2011). Green synthesis of silver-protein (core-
shell) nanoparticles using Piper betle L. leaf extract and its ecotoxicological studies
on Daphnia magna. Colloids and Surfaces A: Physicochemical and Engineering
Aspects. 389 (1-3), 188-194.

Saeb, Amr T. M., Alshammari, Ahmad S., Al-Brahim, Hessa. & Al-Rubeaan, Khalid
A. (2014). Production of Silver Nanoparticles with Strong and Stable Antimicrobial
Activity against Highly Pathogenic and Multidrug Resistant Bacteria. The Scientific
World Journal Article ID 704708, 9 pages.

Kelly, K. L., Coronado, E., Zhao, L. L. &Schatz, G. C. (2003). The optical
properties of metal nanoparticles: the influence of size, shape, and dielectric
environment. J. Phys. Chem. B. 107(3), 668-677.

Cecilia, N.(2007) Surface Plasmons on Metal Nanoparticles: The Influence of Shape
and Physical Environment J. Phys. Chem. C. 111(10), 3806—-3819.

14



12. Banerjee, P., Satapathy, M., Mukhopahayay, A.& Das, P. (2014). Leaf extract
mediated green synthesis of silver nanoparticles from widely available Indian plants:
synthesis, characterization, antimicrobial property and toxicity analysis. Bioresour
Bioprocessing. 1(3), 1-10.

13. Shahverdi, A. R., Fakhim, A., Shahverdi, H. R. & Minaian, S. (2007). Synthesis and
effect of silver nanoparticles on the antibacterial activity of different antibiotics
against Staphylococcus aureus and Escherichia coli. Nanomedicine.3(2), 168-171.

PUBLICATION FROM THE WORK

Pathak, M., Sharma, M., Ojha, H., Kumari, R., Sharma, N., Roy, B., Jain, G., (2016)
Green synthesis, characterization and antibacterial activity of silver nanoparticles. Green
Chemistry & Technology Letters, 2(1), 108-115.
http://dx.doi.org/10.18510/gctl.2015.1114

CONFERENCE PRESENTATIONS

Pathak*, M., Sharma, M., Kumari, R. Anamika, Raza, A.,Payal., Khare, A., Pandey, A.,
Majumdar, 1., Rajput, M., Bhatt, D., Jain, R., Maheshwari, H., (2016). Design of
Affordable Water Purification devices using Green and Ecofriendly Silver Nanoparticles.
Paper presented at the 94" Foundation day Celebration at University of Delhi.
Received Certificate of Appreciation.

Jain, R., Pandey, A., Bhatt, D., Majumdar, I., Maheshwari, H., Rajput, M., Sharma, M.,
Pathak*, M., Kumari, R. (2015). Green and Ecofriendly synthesis of silver
nanoparticles. Paper presented at the National seminar on Innovative advance research in
Bio-Medical and Environmental Dynamics, Dyal Singh College, University of Delhi, 9-
10 October 2015. Secured Third position.

Sharma, M., Pathak, M. (2015) Ecofriendly synthesis of silver nanoparticles and their
characterization. Paper presented at the RSC Workshop Chemistry for Tomorrow’s
world, Department of Chemistry, University of Delhi, 2-3 December 2015.

Pandey, A., Majumdar, 1., Rajput, M., Bhatt, M., Jain, R., Maheshwari, H., Payal,
Khare, A., Raza, A., Anamika, Kumari, R., Sharma, M., Pathak, M. (2016). Spices
mediated green synthesis of silver nanoparticles and characterization. Paper presented at
the DU-JAIST Indo-Japan Symposium on Chemistry of Functional Molecules/Materials,
Department of Chemistry, University of Delhi, 26-27 February 2016.

Sharma’, M., Pathak, M., Kumari, R., Maheshwari, H., Jain, R., Rajput, M., Pandey,A.,
Majumdar, 1., Bhatt, D., Payal, Khare, A., Raza, A., Anamika (2016). Spice mediated
ecofriendly synthesis of silver nanoparticles and characterization. Paper presented at the
Indo-Portugese workshop on “Emerging Trends of Nanotechnology in Chemical and
Biology, 12-13 February 2016.

15



Anamika., Raza, A., Payal., Khare, A., Pandey, A., Majumdar, I., Rajput, M., Bhatt, D.,
Jain, R., Maheshwari, H., Kumari, R., Sharma, M., Pathak, M. (2016). Spices mediated
green synthesis of silver nanoparticles and their antimicrobial properties. Paper
presented at the National Conference in Chemistry Environment & Harmonious
Development, Shyam Lal College, 7-8 April 2016.

Rajput, M., Jain, R., Bhatt, D., Pandey, A., Majumdar, I., Maheshwari, H., Payal.,
Khare, A., Raza, A., Anamika, Kumari, R., Sharma, M., Pathak, M. Silver nanoparticles:
Green synthesis and characterization. Paper presented at the National Conference in
Chemistry Environment & Harmonious Development, Shyam Lal College, 7-8 April
2016.

PICTURES RELATED TO THE PROJECT

@ Atrn Uil 5 Tl liiags | Ao
Yk mmﬁﬂll. (L WTF
N L s i1

GEEFN SYNTHESIS, CHARACTFEIZATION AND ANTIBACTERIAL ACTIVITY
OF SILVER NANOPARTICLES

Solaliics, Tachudb ' :uuw i pashis T, R Ko, Su it Sosrwas’, Maid Ry, G ey Sl

Teketalls mgertikel, e palned O et of ressircers, morkiviie s e Goslt Sebyns Setiemerisl, satusisrebial sl
mquuluﬂhﬁ“h"mru—ﬂ“mﬂummv
i e, B . ki, s i e i e i P O
[ —— ..umu.m-ﬂ-h..h—-u-u-m.-umuu-.l-uwm
=t Lhindean in ﬁ?“m—“tuﬂ‘lmm Cnedden el msoe g | TEML
mupﬂun f [FSS———-
[F——————— nu-l-n.l-d-lrn.lu [ ———"
mmuumummﬂ &Mmmmuﬁuuuﬂimﬂl
" P i — T - A ————— T —
il 8 048 il NSl Bt L ki et et phing el f TSl Ty T S s
e rme b e fur g i D Skl ol bk

michaa, gran ryndasis o

[aTRoocT

il maopertich bave buss i o of mesarch o th e viars swving is Sl mviges opiical, sbairanks, machanizal,
gy, widdial bl dmleb bl prodeitiad |1 ]] Thash pig-atmi b bk bl 0 S bigh iarfas o vollae il Tha
b R popeTmd Cab] earoerich Ebb adva bar foand o oo o g camadvuia phevain, bekgis ad sbaroaics 1 4]
A ke of maeds hive B daseabopad i apnlisaine il sasoparticha (AGHT] s i gt T dacada; lawclring e
et of wivar lieks, AGHTEL |55 Blosvwves, ik chimial sl phsialuaioad s s alv, wad o, pasatial swisananisl
s ([7] dina, 5o et s of imcks chumcale. Chrass, ymchasis o AgHT in oy aharmative, com-a Mo, Tl md so-SHandy
ki s i Chb corrantional chmbon] Peatiudt.

Syahamin of AP i of e e otire 8 B pekdical Fusld b iy b oo 4 rd-ife ok
] o s ] v i i b trvarae: o b, e [19]. Hawits, s rsplerssmaion of scfiry paaalioe

Gy s ey i o i B il prociis B e wichor sk
toncie chaireicals pimd ko bt iwibopad. & m«wh—mumuummmmmndw
TRLEEY P, b s artfica, cfmres & ol e bk i, Thasfoos, sha of pants d Bk pars

R e ——— nrm-uu.-mm

In i posa mady, we bive grapand AGRF from e squaou ooy of clov (Eogesis curpoplplie) s dessss
| ittt s | nosgh, et reaiils The squea 4 of Ui apicid ek deid il achacing agaars far 1ver talt
ks 4t g s prms m;mumuu s Fartus e chamrdon wchei [ 17 Vidba
(TR aaibyuis

ESFERIMETT &l

Ml dead’ Wl

Masrials The s sen proeced fon lea] sarke. 5w o of 96 Py paricy ms rodeed Tom Pl Scetifc. The e
] s preat e v 10 g s WITB gt ok dirivsad . W Bipns v o (P 7, BN ipass, Cloap 1EEAT

= gl s ¥

16






18



WARSNEM adereH yabn
PRMUN adieR b

THO OF t-idieq

19



	/
	Anamika., Raza, A., Payal., Khare, A., Pandey, A., Majumdar, I., Rajput, M., Bhatt, D., Jain, R., Maheshwari, H., Kumari, R.,  Sharma, M.,  Pathak, M. (2016). Spices mediated green synthesis of silver nanoparticles and their antimicrobial properties. ...

